The aim of this study was to evaluate the preservation effect of the pomegranate peel extract (PPE)-lysozyme (Lys) combination addition on gelatin (G)-polycaprolactone (PCL) composite film on the quality of mackerel Scomberomorus commerson via physicochemical analysis (pH, total viable bases nitrogen (TVB-N), thiobarbituric acid reactive substances (TBARS), free fatty acid (FFA), weight loss, color), microbiological (total mesophilic count (TMC) and psychrotrophic (PTC) count) and sensorial assessments during refrigerated storage. The results showed that incorporating PPE and Lys into G/PCL solution could significantly (P < .05) improve the quality of fish fillets. Among all treatments, TMC and PTC of mackerel fish with the control treatment increased rapidly and were generally higher than other treatments (P < .05). Thus, G-PCL film containing both of Lys and PPE can remarkably delay the growth of bacteria of mackerel fillets. The results indicated that the Lys in combination with PPE could be effective in the reduction of TBARS and FFA values of mackerel wrapped. In addition, the synergistic effect between Lys and PPE improved the antibacterial activity of the gelatin solution. G/PCL-Lys-PPE had the best effect on reducing the weight loss and color properties of the samples. It was seen that the addition of Lys/PPE improved the sensory quality of mackerel fish and these results were supported by the outcomes of bacterial and physicochemical analysis. The increase (>9 days) in the shelf-life was attributed to the antioxidant and antimicrobial characteristics of G/PCL film containing both of PPE and Lys. These results confirmed that G/PCL-Lys-PPE film was effective for the preservation of mackerel.
Introduction
The mackerel (Scomberomorus commerson; Scombridae) also known as "Sheer fish" in Persian is the most popular fish species landed in the tropics and sub-tropics including south of Iran with the highest economic value. [1] S. commerson is one of the seafood resources, due to its low cholesterol content and high protein content. This fish is mainly offered on the Iranian market as a whole (ungutted) fish or eviscerated fish. Fish and fishery products are more perishable due to high water content, free amino acids, and other non-protein nitrogenous compounds. After catching, initial loss of freshness results from changes brought about by oxidation of lipids and enzymatic activity [2] even under chilled storage, whiles subsequent obvious spoilage occurs as a result of microbiological activity and produce metabolites. Therefore, various novel techniques to delay the spoilage of fish quality and to extend the shelf-life of seafood products are necessary. Previous studies concluded that natural additives and various biopolymers as packaging materials such as carbohydrates and proteins were effective in extending the shelf-life of seafood. [3, 4] Among these biopolymers, gelatin resulting from partial hydrolysis of collagen is hydrophilic one with good affinity and compatibility, to form coatings with good properties including excellent film-forming ability, biodegradability, abundancy, good oxygen barrier capacity, low gelling and melting points and potential ability to be used as a carrier for functional agents. [5] [6] [7] Whereas, gelatin has some problems such as poor water vapor barrier properties and mechanical properties. To overcome these difficulties, some chemical treatments or polymeric materials can be applied to improve mechanical and barrier properties. [8] Saki et al. [9] and Nowzari et al. [10] showed that chitosan-gelatin composite and bi-layer coating and/films extended the shelf life of seafood during storage. According to Rescek et al., [11] polyethylene/ polycaprolactone film improved on the physical properties and barrier properties of packaging. Sogut and Seydim [12] showed that edible coating of chitosan and polycaprolactone bilayer films showed better functional properties and mechanical resistance than chitosan monolayer films. Sogut and Seydim [13] found that chitosan-and polycaprolactone-based bilayer films have been applied to augment the shelf life of chicken breast fillets. Polycaprolactone (PCL), a thermoplastic aliphatic polyester, shows flexible and biodegradable properties. However, no published data exist on the associated usage of gelatin coatings in combination with PCL for fishery products. In the last decade, many studies have been demonstrated the development of active packaging by incorporating natural food additives to improve the shelf life of fish products. Lysozyme, as a type of glycanhydrolase, has attracted significant attention in recent years in the field of food packaging because of antibacterial activity, especially against Gram-positive bacteria. [14] Edible coating-based protein or chitosan incorporated with lysozyme were developed by Wang et al. [15] and Wu et al. [16] Moreover, the antibacterial activity of pomegranate peel extract (PPE) against Gram-positive (Staphylococcus aureus, Listeria monocytogenes) and Gram-negative bacteria (Pseudomonas stutzeri, Escherichia coli, Yersinia enterocolitica) was observed by Akhtar et al. [17] and Devatkai et al. [18] The antioxidant activity of PPE delays the lipid oxidation due to inhibiting the initiation or propagation step of the oxidative chain reactions or forming stable radicals, [19] metal chelation and singlet oxygen quenching. [20] The combination of a bio-based polymer such as gelatin and PCL with Lys and PPE, where gelatin, lysozyme, and PPE include the antioxidant agent and antimicrobial activity in contact with the food, respectively, can be an interesting way to increase active properties that increase the shelf life and safety of food products like seafood. Therefore, the aim of the present study is to investigate the effectiveness of gelatin-PCL composite films incorporated with Lys and PPE on the quality of mackerel Scomberomorus commerson fillet in refrigerated condition (4 ± 1°C).
Material and methods

Materials
The dry cold water fish skin gelatin was purchased from Sigma Chemical Company, UK. Glycerol was purchased from Duksan Pure Chemical Co. (Sungkok-Dong, Korea). Lysozyme (from eggs, 40,000 U·mg−1) was obtained from Macklin Reagent Co., Ltd. (Shanghai, China). Polycaprolactone (PCL, CAPA 6800) was kindly supplied by Perstorp Holding AB, Sweden. Plate count agar (PCA) culture medium was purchased from Merck (PCA, Merck, Darmstadt, Germany). All other chemicals were of analytical grade or of the highest grade available.
Preparation of pomegranate peel extract
Pomegranates were manually washed, peeled and dried by hot air for 48 h at 50°C. [21] The dried pomegranate peel was powdered using a mixer grinder and 200 g portions of finely powdered pomegranate peel was blended with 50% ethanol for 2 h at 40°C in a shaking water bath. The ratio pomegranate peel powder: solvent was 1:10 (w/v). The extracts were through Waterman No. 1 filter paper and concentrated under vacuum with a rotary evaporator. The concentrate was dried overnight in an oven at 40°C to form a powder which was stored at 4°C until further use. The 1.5% of pomegranate peel extract (PPE) dipping solution was prepared by dissolving PPE in distilled water. [9] Preparation of coating samples and treated fillets
The dry cold water fish skin gelatin was dissolved in distilled water (3% w/v), first being allowed to swell at 7°C for 15 min and then warmed to 55°C for 30 min. [22] The film was obtained by casting 100 ml film-forming solution on a horizontal glass plate (16 × 27 cm) . To prepare composite film, the gelatin solution and PCL solution (5% w/w in chloroform) were blended using an Ultra-Turrax (Ika-Werke, model T25, Germany) at 20,000 rpm for 5 min, then lysozyme (0.1 g w/v) and PPE (1.5% w/v) were added to the gelatin/PCL solution to a final solution. Solution poured on the surface and dried at 40°C in an air-forced oven (Tecnal, TE-394/2, Brazil) for about 24 h. Glycerol (0.75 ml/g gelatin) was added as a plasticizer and stirred for 10 min. The G/PCL-Lys-PPE film was stirred until the mixture became clear, and stored at 4 ± 1°C. Fillet samples were randomly assigned into five treatment lots consisting of:
(1) a control lot (un-wrapped) (2) wrapped with G/PCL (G/PCL) (3) treated with G/PCL film and PPE (G/PCL -PPE) (4) and wrapped with G/PCL in combination with Lys (G/PCL-Lys) (5) wrapped with film (G/PCL) in combination with Lys and PPE (G/PCL-Lys-PPE) All samples were placed in polyethylene bags, stored at 4 ± 1°C for 12 days. Physicochemical, microbiological and sensorial analyses were performed at 3-day intervals to determine the overall quality of fish.
Microbiological analysis
The samples (25 g) were placed in a stomacher bag containing 225 ml of 0.85% saline water. After mixing for 1 min in a stomacher blender, further serial dilution was done using the same diluent. Thereafter, 0.1 mL of appropriate dilution was used for microbiological analysis by spread plate method. The media and condition used were: Plate Count Agar (PCA, Merck, Denmark, Germany) incubated for psychrotrophic (PTC) bacteria count at 4°C for 10 days and for total mesophilic bacteria at 30°C for 24-48 h. [23] The microorganism value was expressed as log 10 CFU/g.
pH
The measurement of pH was carried out on 5 g of sample homogenized in 45 mL distilled water. The pH values of the samples were determined using a digital pH meter (913 pH meter, Metrohm, Herisaw, Switzerland). [24] Total volatile base nitrogen (TVB-N)
Total volatile basic nitrogen (TVB-N) values were determined using the method of Goulas and Kontominas. [25] TVB-N was determined by distillation after the addition of MgO (2 g) to 10 g of homogenized fish sample mixed with 50 mL distilled water. The distillate was collected in a flask containing 25 mL of aqueous solution of boric acid (2%) and methyl red as an indicator. Afterward, the boric acid solution was titrated with sulfuric acid (H 2 SO 4 ) solution (0.1 N). The TVB-N value (mg N/100 g of fish) was determined according to the consumption of sulfuric acid. The constant 14 was used to calculate the TVB-N number using Equation (1) . Thiobarbituric acid reactive substances (TBARS) were determined following Siripatrawan and Noipha [26] with some modifications. Ten grams of homogenized sample were added with 97.5 mL of distilled water and 2.5 mL of 4 M HCl. The mixture was heated with steam distillation. Five milliliters of distillate were added to 5 mL of thiobarbituric reactive reagent containing 0.02 M TBA in 90% glacial acetic acid and incubated in boiling water for 35 min. After cooling, the absorbance of the pink solution was measured at 532 nm using a spectrophotometer (Analytik Jena US, SPECORD, Upland, CA, USA). The constant 7.8 was used to calculate the TBA number using Equation (2). The TBA value is expressed as mg malonaldehyde equivalents/kg sample.
TBARS value ¼ 7:8Abs 532 (2)
Free fatty acid (FFA)
The free fatty acid value was determined in the lipid extract by the procedures of Woyewoda et al. [27] according to Equation (3). The lipid extract was collected in a 250 mL volumetric flask containing 10 g of samples, 50 mL chloroform, 50 mL methanol and 45 mL distilled water. Results were expressed in % of oleic acid.
N = normality of NaOH, V 2 = mL NaOH for samples, V 1 = mL NaOH for blank, W = weight (g) of lipid.
Weight loss
The weight loss was determined as described by Lu et al. [28] The percentage weight loss relative to the initial weight was calculated by weighing the samples in triplicate.
where Wo is the initial weight of the sample and Wi is the weight of the same sample after 3, 6 and 12 days of refrigerated storage.
Color measurements
A Minolta Chroma Meter (CR400, Minolta, Osaka, Japan) was used for color measurement. Colors were expressed as CIE Lab coordinates. In this system, L* represents the color lightness on a 0-100 point scale from black to white; a* is the position between red (+) and green (-); and b* is the position between yellow (+) and blue (-).
Sensory analysis
Sensory analysis of raw mackerel fillets was carried out using the quality index method (QIM) by 10 panelists. [29] Scores were given for each quality attributes according to descriptions, ranging from 0 to 5. On the first and last days of storage (day 0 and day 12), mackerel received a freshly: QI (quality index) = 0 and completely deteriorate: QI = 5. A preference score of 3 was indicated as the threshold for acceptable quality.
Statistical analysis
All experiments were performed in triplicate and a completely randomized design was used. Analysis of variance (ANOVA) was performed and mean comparisons were done by Duncan ̕ s multiple range tests. Analysis was performed using a SPSS package (SPSS 11.0 for windows, SPSS Inc, Chicago, II, USA). P values less than 0.05 were considered statistically significant.
Result and discussion
Changes in microbial counts
Variations in the total mesophilic counts (TMC) and psychrotrophic (PTC) bacteria counts of mackerel fillets during the refrigerated storage are shown in Table 1 . The initial bacterial counts for TMC in the mackerel fillets varied from 2.07 log 10 CFU/g to 2.10 log 10 CFU/g. The initial PTC of all samples ranged from 1.12 log 10 CFU/g to 1.16 log 10 CFU/g. According to Sikorski et al., [30] the number of bacteria in fresh fillet with high-quality vary from 3 to 4 log 10 CFU/g. TMC and PTC of all samples increased gradually as the storage time increased (P < .05). In this study, we revealed that all of the treatments (G/PCL, G/PCL-Lys, G/PCL-PPE, G/PCL-PPE-Lys) led to a dramatic reduction in TMC and PTC in mackerel fillet compared to the control samples, while there was no significant (P > .05) difference in TMC and PTC between G/PCL-Lys and G/PCL -PPE. The sample treated with G/PCL-Lys-PPE had the lowest TMC and PTC compared with other treatments (P < .05), which might be attributed to the antimicrobial activity of Lys and PPE. Treatment of fish coated with G/PCL could retard the growth of total mesophilic bacteria more effectively, compared with control due to the antimicrobial effect of gelatin due to the presence of oligopeptide chains from the hydrolysis of gelatin, which is suspected of having antimicrobial activity due to the presence of side-chain amino groups. [6] On mackerel fillet, a mixture of Lys and PPE would be more effective antimicrobials than either Lys or PPE alone. The antimicrobial activity of PPE has been ascribed to the presence of many bioactive compounds such as alkaloids and tannins, and phytochemical groups (e.g. gallotannins, catechins, flavonols, procyanidins and derivatives of ellagic acid), which show antibacterial effect. [17, 31] PPE has been reported to be effective as antimicrobial agents on inhibition of the growth of spoilage bacteria that affect the cellular membranes and retard microbial growth. [21, 32] Blending natural polymer with plant extract has been reported in several studies. [3, 33, 34] Yuan et al. [35] showed that bacterial growth in chitosan-coated pacific white shrimp in combination with PPE reached less than that treated by chitosan coating or PPE alone. Saki et al. [9] showed that chitosan-gelatin composite and bilayer coating containing PPE could extend the shelf life of Belanger's Croaker (Johnius Belangerii) during storage. In addition, lysozyme delayed the deterioration of food due to the muramidase activity, leading to the degradation of the murein-containing layer of the bacterial cell wall and eventually resulting in bacterial lysis. [16, 36] Wu et al. [16] stated how bacterial growth (such as S. aureus, E.coli, Salmonella, P. aeruginosa) in chitosan-coated large yellow croaker in combination with lysozyme reached less than that treated by chitosan coating or lysozyme alone. Lysozyme is effective at inhibiting the growth of Gram-positive bacteria such as Listeria monocytogenes. [37] Wang et al. [15] reported that collagen coating containing lysozyme could extend the shelf life of salmon fillet during storage at the refrigerator. Moreover, the in vitro antimicrobial activity of gelatin containing lysozyme against bacteria has been reported by Rawdkuen et al. [38] It was indicated that the coating consisting of a blend of gelatin dissolved in acetic acid and lysozyme, exerted an inhibitory effect on the Gram-negative flora of food product. [14] Boyac et al. [39] found that smoked salmon slices treated by whey proteins/oleic acid-lysozyme composite films can effectively inhibit the growth of Listeria innocua. Rao et al. [40] stated the synergistic effect of chitooligosaccharides and lysozyme for meat preservation. This result indicates that G/PCL of the Lys-PPE mixture did not constrain the synergistic effect of the antimicrobials in mackerel fillet, allowing the lysozyme to hydrolyze the peptidoglycan layer surrounding the cytoplasmic membrane of bacteria, improving the inhibitory effect of pomegranate peel extract. By day 6 of storage, TMC in mackerel fillet reached to about 7 log 10 CFU/g for control samples, which is higher than the maximal recommended limit in raw fish [23] while that of all treatments did not achieve this count to the end of 12-day storage time.
pH Figure 1 shows the changes in the pH value of mackerel fillet during the storage at the refrigerator with different treatments. The pH of the mackerel muscle on day 0 was 6.11, which was similar to the results of Tzikas et al. [41] The pH value of fresh fish fillet varies from 6 to 7. [42] pH values of the untreated fish were decreased up to day 3 (P > .05) and then increased (P < .05). The pH value of the treated samples increased continuously. The reduction of pH is related to the generation of lactic acid through lactic acid bacteria (LAB) metabolism and the release of inorganic phosphate by the degradation of adenosine triphosphate (ATP) during storage. The accumulation of basic compounds generated from both autolytic processed by endogenous enzymes and microbial enzymatic actions leads to an increase in pH value. [43] At day 12 of storage, pH values of treated samples (G/PCL-Lys, G/PCL-PPE, and G/PCL-Lys -PPE) were lower than control (P < .05), due to the inhibition of the growth of bacteria, yeasts and molds. [44] No significant effect was observed between G/PCL-Lys, G/PCL-PPE and G/PCL-Lys-PPE during storage at refrigerator (P > .05). Saki et al. [9] and Mohebi and Shahbazi [33] reported that chitosangelatin incorporated with PPE significantly inhibited the increase of pH in seafood products due to the antioxidant activity of PPE. Wang et al. [15] and Wu et al. [16] noted that the combination of Lys and packaging could clearly prevent a decrease in pH values. According to the result of pH value, it can be observed that G/PCL composite film incorporated with Lys and PPE showed no higher antibacterial activity compared to G/PCL-PPE/or G/PCL-Lys alone. The pH value is positively correlated with TVB-N value due to the increase in volatile amine led to an increase of pH.
TVB-N
The variation of TVB-N value of mackerel fillet during the storage is showed in Figure 2 . The initial TVB-N value of mackerel fish was 6.86 mg N/100 g of fish. The TVB-N value increased gradually along with the time of storage in unwrapped and wrapped samples (P < .05), but the increasing rate varied in treatments (wrapped samples). The increase of TVB-N may have been due to the activity of endogenous enzymes, spoilage bacteria and the subsequent increase of microbial degradation products. [3] The increase of TVB-N value of seafood through time was in agreement with the microorganism activity during storage. [16] There was a positive correlation between TMC and TVB-N in treated samples (R 2 = 0.916-0.990) and control (R 2 = 0.881). There was a difference between control and treated samples (P < .05) at the end of storage. The lowest TVB-N increase in G/PLS composite film incorporated with Lys and PPE may be attributed to the presence of bioactive phenolic compounds in pomegranate peel extract and antibacterial activity of lysozyme, which could remarkably inhibit capacity of bacteria for oxidative deamination of non-protein nitrogen compounds, compared with the control and those treated with G/PCL film, or G/PCL-Lys or G/PCL-PPE. It can be concluded, G/PCL film in combination with Lys and PPE is more effective than other treatments in controlling TVB-N of fillets, suggesting that G/PCL film demonstrated synergism in retarding of TVB-N value when used in combination with Lys and PPE. Wu et al. [16] observed higher amounts of TVB-N for chitosan-coated combined with lysozyme and un-coated large yellow croaker on the 15th day of refrigerated storage. Wang et al. [15] reported that 4% collagen combined with lysozyme could effectively retard the increase in the TVB-N of salmon fillet during refrigerated storage compared to that of the uncoated sample. Moreover, Yuan et al. [35] reported that 1% chitosan combined with 1.5% PPE reduced the formation TVB-N of Pacific white shrimp at the end of a 10day storage period. Another study conducted by Fan et al. [45] revealed polyphenols in PPE as antimicrobial action prevented protein decomposition by bacteria and hinder their capacity for oxidative deamination of nitrogenous compounds from non-protein sources. Similar results in Nile tilapia were reported by Alsaggaf et al. [21] No information was found in the literature on the effect of G/PCL film incorporated with Lys and PPE on TVB-N production in seafood products. According to the highest acceptable level of TVB-N (25 mg N/100 g fish muscle), the unwrapped and wrapped fish fillets (G/PCL, G/PCL-PE, and G/PCL-Lys) were spoiled on days 6 and 9, respectively. However, the TVB-N value of mackerel wrapped with G/PCL-PPE-Lys was less 25 mg N/100 g fish sample after 12 days.
TBARS
Changes in TBARS value of mackerel fillet during storage with different treatments are shown in Figure 3 . At the beginning of storage, TBARS values were ranged from 0.16 mg malonaldehyde/kg sample to 0.18 mg malonaldehyde/kg sample. TBARS values were increased in all samples when the storage time increased (P < .05). Higher increase in TBARS value was observed in unwrapped fillets (P < .05), due to the partial dehydration of fish and to the increased oxidation of unsaturated fatty acids. [46] We observed all G/PCL films with or without natural preservation lessened TBARS values (P < .05). On day 12, there was a difference between control and treated samples (P < .05). The addition of PPE to G/PCL-wrapped samples can increase the antioxidant activity of the gelatin. The antioxidant activity of pomegranate peel extract with antioxidant agents (polyphenolics compounds) could be through radical scavenging capacities against free radicals, peroxynitrite chelate copper and ion, preventing metal-catalyzed free radical formation. [17] On the other hand, lysozyme, an antimicrobial enzyme, has antimicrobial activity against the growth of bacteria specially psychrotrophic bacteria such as Pseudomonas spp which produce lipase and phospholipase causing an increase in free fatty acid. Free fatty acids are more susceptible to oxidation and form unstable lipid hydroperoxide. The shorter chain hydrocarbons such as aldehydes are produced as a result of decomposition of hydroperoxide. These products are detected as TBARS. [47] Moreover, polymers such as gelatin and chitosan showed a significant effect on delaying lipid oxidation through forming a biodegradable film (oxygen barrier properties) treated samples during storage. [10] According to Antoniewski et al., [48] gelatin coating on fishery products may reduce lipid oxidation due to hydrogen bonds in gelatin as a barrier to oxygen. Wu et al. [16] found that chitosan coating combined with lysozyme applied on the surface of large yellow croaker fillets acted as a barrier between the fillets and the surrounding air, slowing down the diffusion of oxygen from the surroundings via the surface into the fillet. According to Rao et al., [40] no significant difference in TBARS values was observed in untreated and treated meat. Addition of G/PCL in combination with Lys or PPE increased the antioxidant activity of gelatin. TBARS values of 1 to 2 mg malonaldehyde/kg muscle are an acceptable sensory limit. [49] In the current study, TBARS values for all samples were less than 2 mg malonaldehyde/kg muscle at the end of the storage. This indicates that the G/PCL film with or without PPE and Lys is able to reduce the lipid oxidation, resulting in lower rancidity compared to controls.
FFA
The initial FFA values varied from 0.29% to 0.34% of oleic acid (Figure 4) . At the end of storage, the FFA value was 15.67%, 14.34%, 14.00%, 10.67%, and 23.89% of oleic acid for G/PCL, G/PCL-Lys, G/ PCL-PPE, G/PCL-Lys-PPE, and control, respectively. FFA content gradually increased in all samples, but fillet wrapped with G/PCL-Lys-PPE slowed the formation of FFA during refrigerated storage (P < .05). The production of lipase and phospholipase with bacteria can be reduced by the synergistic effect between Lys and PPE for increasing antibacterial activity of them in samples wrapped with G/ PCL-Lys-PPE. Moreover, delaying the oxidative changes of lipids (TBARS) at samples G/PCL-Lys-PPE can protect mackerel fillets again increase of production of free fatty acids. This result could be confidently due to the powerful antioxidant and antibacterial activity of both Lys and PPE. However, our results showed that the lysozyme was less effective than lysozyme combined with PPE on FFA content.
Weight loss
The changes in weight loss of unwrapped and wrapped samples are shown in Figure 5 . Weight loss of all samples increased as the storage times increased. Increases in weight loss with storage time could be due to the denaturation of myosin which further decreases the hydration capability of myosin fibers during the storage. This led to more tissue and cell rupture, resulting in more water and some protein loss. [50] The G/PCL film on the mackerel fillets acted effectively as water vapor barriers during the whole storage period. The weight loss in wrapped samples with G/PCL-PPE-Lys was the lowest compared with G/PCL containing either Lys or PPE. This may be attributable to the addition of Lys and PPE in the film solution, preventing the evaporation of water vapors from the mackerel sections. The efficacy of active film along with plant additives or Lys in preventing water loss was also previously investigated by Nisar et al. [51] Likewise, G/PCL film incorporated with Lys was proved effective in reducing weight loss and prolonging the shelf life of coated salmon fillets by Wang et al. [15] The hydrophilic portions of the gelatin matrix can cause the transfer of water vapors. With the addition of PPE, the hydrophobic portion of the matrix increase and it may further limit the passage of liquid molecules through the film surface by acting as a physical barrier. Hence, less water vapor permeability of G/PCL-PPE film may explain comparatively lower moisture loss in G/ PCL-PPE wrapped mackerel samples as compared to unwrapped samples. Shorter shelf life of unwrapped mackerel could also be due to higher weight loss, which increases oxidative and hydrolytic processes encouraged by microorganisms.
Color change
Color values including redness (a*) value, blueness (b*) value and lightness (L*) value of control and samples wrapped with and without Lys and PPE during storage 4°C are shown in Table 2 . Mackerel fillets of control and treated samples showed a decrease in L* values with increasing storage time, which is associated with oxidation of red oxymyoglobin to metmyoglobin, yielding muscle with an unattractive brown color. [52] The highest decrease in L* value was also observed in the control sample. Lightness in mackerel treated by G/PCL film alone or incorporated with Lys and PPE did not change significantly over time. Thus, treatments with G/PCL film, G/PCL-Lys, G/PCL-PPE, G/ PCL-PPE-Lys could delay the change of L* value of mackerel in the present study. In all samples, a significant decrease in a* values was observed throughout the storage time, indicating the decrease in redness of samples. The highest change was observed in control samples, while wrapped fillets showed a slight decrease in a* values, compared to control samples. Thus, the application of G/PCL film either without or with Lys and PPE, on fish fillet surface could increase the stability of the red meat color to some extent. The increase in b* value was possibly associated with decomposition of primary products of lipid oxidation. [53, 54] Samples wrapped with G/PCL-PPE, G/PCL-Lys, and G/ PCL-PPE-Lys showed the lowest changes in color values, probably due to the antioxidant and antimicrobial properties of Lys and PE. Thus, G/PC film containing both Lys and PPE could retard the color changes of fillets to some extent during the storage. However, Wang al. [15] observed no significant difference between collagen-lysozyme coating and control, until 15 days. In general, protein denaturation, lipid oxidation, and hydrolysis can lead to discoloration in aquatic products. [53, 54] 
Sensory analysis
The effect of G/PCL film incorporated with Lys and PPE on the general aspect of mackerel fillet is shown in Table 3 . Sensory attributes of fish were divided into three elements including color, odor and overall acceptance, whose preference levels were scored from 1 to 5, the higher preference level, the higher element score. All samples had the score of 5 at the beginning of refrigerated storage. The scores decreased significantly with extended time (P < .05). The fish with scores of below 3 were unacceptable with a sign of putrid odor, no shiny color, and overall unacceptability. For control samples, the deterioration occurred after 6 days of storage as evidenced by strong fishy and putrid odor. Odor scores of control samples declined rapidly and displayed a significantly different score compared to treated samples. The unacceptability score (3) was attained for odor after 6 days and 12 days for the untreated samples and wrapped samples, respectively, suggesting that gelatin film along with PPE or lysozyme could inhibit the growth of off-odors producing microorganisms. The untreated samples exhibited a strong off-odor linked with spoiled fishery products at the end of storage, which might be due to the release of metabolites by bacterial action. [55] The deterioration of the sensory analysis was correlated with the microbial spoilage and physicochemical analysis including TBARS and TVB-N caused the change of the surface of the color of samples. [56] Wang et al. [15] demonstrated that collagen-lysozyme coating was a suitable treatment for long-term storage compared with control samples, considered as a potential natural antibacterial for reducing bacteria counts and stabilizing lipid-containing salmon fillets. The functional properties, e.g. antioxidant and antimicrobial effects, and also oxygen barrier of Lys and PPE has been shown to prolong the shelf life of fish by 9 days as compared to the control sample. It suggested that although Lys/PPE could inhibit bacteria of fresh mackerel effectively, G/PCL film incorporated with Lys and PPE had no significant effect on the odor and color of samples. Saki et al. [9] also reported that chitosan-gelatin coatings combined with pomegranate peel extract could improve the overall acceptability of Belanger's croaker fillet and eventually prolong the shelf life of the product.
Conclusion
The result of the present study indicated that the Lys and PPE used in fresh fillet wrapped with G/ PCL leads to a reduction in microbial contamination during long storage time. The results of this study revealed that incorporation of G/PCL with Lys and PPE could maintain the quality of mackerel fillets and eventually prolong the shelf life of the product up to 9 days as compared to the control samples which lost their acceptability standards approximately at 6th day of the storage. Sensory properties including color, odor and overall acceptability of wrapped samples with both of Lys and PPE were much better than those of untreated samples. The results for sensory evaluation, bacteriological examination and TVB-N were in good correlation. Generally, the use of Lys/PPE could be Mean values and standard errors from the three replicates are presented. The different capital letters in the same columns within the same storage time indicate significant differences (P < .05). The different small letters in the same rows within the same treatment indicate the significant differences (P < .05).
a suitable choice in the preserving of seafood products in the form of a solution that wrapped on the surface of fish as the natural component added into the packaging materials of fishery products.
